Aims Epidemiological heart failure (HF) data in the era of natriuretic peptides and echocardiography are scarce. The primary aim of this study is to evaluate the HF prevalence in the general population. We will also investigate natriuretic peptide cut-off for diagnosis of HF. Finally, we will be able to identify left ventricular function phenotypes and study relations between cardiac function, clinical presentation, and health-related quality of life. Methods and results Screening Of adult urBan pOpulation To diAgnose Heart Failure (SOBOTA-HF) is a cross-sectional prevalence study in a representative sample of Murska Sobota residents aged 55 years or more. Individuals will be invited to attend screening visit with point-of-care N-terminal pro-b-type natriuretic peptide (NT-proBNP) testing. All subjects with NT-proBNP ≥ 125 pg/mL will be invited for a diagnostic visit that will include history and physical examination, electrocardiogram, echocardiography, blood and urine sampling, ankle brachial index, pulmonary function tests, body composition measurement, physical performance tests, and questionnaires. To validate the screening procedure, a control group (NT-proBNP < 125 pg/mL) will undergo the same diagnostic evaluation. An external centre will validate echocardiography results, and the HF diagnosis will be adjudicated within an international HF expert panel. Overall and age-specific HF prevalence will be calculated in individuals ≥ 55 years and extrapolated to the whole population. Conclusions The SOBOTA-HF study will test the latest HF guideline diagnostic criteria in the general population sample. Next to HF prevalence, it will provide insight into left ventricular function and general patient phenotype; we will also extend current understanding of natriuretic peptides for HF screening.
Introduction
Chronic diseases are major public health problem and represent an ever increasing burden for the healthcare systems. Heart failure (HF) is one of the leading chronic diseases that is estimated to affect 26 million people worldwide. 1-3 HF is not only an issue in the developed societies but affects world globally. [4] [5] [6] [7] Patients with HF have co-morbidities, are frequently hospitalized, and have poor survival. [8] [9] [10] [11] [12] [13] [14] [15] [16] It is postulated that overall HF prevalence in developed countries is 1-2% and increases with age to more than 10% in people over 85 years, while being extremely rare in young. 1, 2 Through better management of acute cardiac conditions and due to population ageing, HF is the only cardiovascular condition with increasing prevalence. 1 Despite HF is an unmet medical need, the epidemiology remains underinvestigated. Most studies focused on hospitalization burden, while only few studies evaluated the prevalence and/or incidence of HF. Furthermore, most studies were performed in an era when natriuretic peptide screening was not established and left ventricular phenotypes were different than today. The available data therefore can be challenged for diagnostic reliability as per the latest guidelines and thus for current daily practice representativeness. To the best of our knowledge, only one study that evaluated the prevalence of HF in the general population in Europe was published in the last decade. 17 In this study, a random sample of 5940 residents aged 65-84 years was invited for physical examination, N-terminal pro-b-type natriuretic peptide (NT-proBNP) assessment, electrocardiography, and echocardiography. Within responders (2001-34% of the total sample), HF prevalence was 6.7%, and majority (4.9%) had HF with preserved ejection fraction (HFpEF).
With limited information about key epidemiological aspects of HF, the Screening Of adult urBan pOpulation To di-Agnose Heart Failure (SOBOTA-HF) study was conceived. The primary aim is to evaluate the prevalence of HF in the general population using the latest European Society of Cardiology (ESC) guidelines on HF. We will also identify left ventricular function phenotypes and perform comprehensive patient evaluation to study relations between cardiac function, clinical presentation, and health-related quality of life. Finally, we will get insight into NT-proBNP distribution in the general population and potential correlations with renal function, co-morbidity and medications as well as diagnostic performance of different cut-offs for HF diagnosis.
Methods

Study design
SOBOTA-HF is a cross-sectional observational study in a representative sample of urban population in Murska Sobota, Slovenia, aged 55 years or more. Individuals will be invited to participate in a screening for NT-proBNP concentration and collection of basic medical history data. All subjects with NT-proBNP ≥ 125 pg/mL will be invited for a diagnostic visit that will include history and physical examination, electrocardiogram (ECG), echocardiography, ankle brachial index, pulmonary function tests, body composition measurement, physical performance tests, and questionnaires. To validate the screening procedure, a control group (NT-proBNP < 125 pg/mL) will undergo the same diagnostic evaluation ( Figure 1 ). An external centre will validate echocardiography exams, and the HF diagnosis will be adjudicated within an independent international HF expert panel.
All participants in the SOBOTA-HF study will give their written informed consent for participation in the study prior to study-related procedures. The study protocol was evaluated and approved by the National Medical Ethics Committee (Approval No. 0120-656/2016), and the study will be conducted in accordance with the Declaration of Helsinki. SOBOTA-HF study is registered with ClinicalTrials. gov (NCT03526601).
Study population and enrolment
The Statistical Office of the Republic of Slovenia provided a 60% representative sample of permanent residents aged 55 years or more in Murska Sobota, Slovenia. The SOBOTA-HF study will consider 2861 individuals for study-related procedures using the information as provided after the standard sampling protocol that used January 2017 population data.
Personalized invitation letters for enrolment in the screening visits were sent to all individuals from the sample. In case of non-response, two additional invitation letters were sent for the screening visit. Invitation process was supported by an extensive local media campaigns and advertisement.
Screening visit
After being invited for study participation, screening visits could be attended during workdays throughout the study duration in the Community Health Centre Murska Sobota or the General Hospital Murska Sobota. At the screening visit, a venous blood sample was drawn to measure NT-proBNP using point-of-care device (Cobas h 232 POC System; Roche CARDIAC proBNP+). In addition, participants completed a questionnaire about HF symptoms, diseases, and medication. Plasma samples were prepared and stored at À80°C.
Overall, 1851 individuals or 64.7% of the study sample attended the screening visit; this corresponds to 38.8% of all Murska Sobota inhabitants aged 55 years or more. They were comparable with the overall study sample in terms of age (68.1 ± 8.0 vs. 68.4 ± 8.9 years) and proportion of women (60 vs. 58%). Figure 2 presents proportions of subjects in the study sample and among the screening visit participants per age and sex. Within respondents, we recorded lower proportion in the oldest age category and in the youngest men category than in the overall study sample; nonetheless, with high response rate and sample stratification per age and sex, respondents remain representative of the study population.
Diagnostic visit
All participants with NT-proBNP ≥ 125 pg/mL will be individually contacted and invited to attend the diagnostic visit in the General Hospital Murska Sobota. Additionally, at least 100 randomly selected subjects with normal levels of NT-proBNP (< 125 pg/mL) will be invited to undergo the same evaluation. During the diagnostic visit, participants' blood and urine will be collected. Detailed examination including history and physical examination, echocardiography, other tests (ECG, ankle brachial index, pulmonary function tests, and body composition measurement), physical performance tests, and questionnaires will be performed ( Table 1 ).
Blood and urine collection and storage
Blood and urine samples will be collected for all patients for immediate analysis in local laboratory. Biological samples (full blood, serum, plasma, and urine) will be stored at À80°C within 2 h of collection and will be analysed in reference laboratories. 
Transthoracic echocardiography
Echocardiography is the standard tool for heart function assessment and is the key for the diagnosis of HF. The ESC and European Association of Cardiovascular Imaging standards 18 will be applied as appropriate. Echocardiography will be performed using GE Vivid S70 (GE Healthcare, Chicago, IL, USA) by experienced cardiologist using standardized protocol (Supporting Information, Table S1 ). Participants will be in left lateral decubitus position with left arm resting under the head and standard views (parasternal long and short axes in different sections, apical four-chamber, five-chamber, twochamber, and three-chamber views and substernal views), and loops will be recorded using cardiac probe. Size of cardiac chambers, valve function, left ventricular systolic and diastolic function, and Doppler measurements across valves will be assessed and saved on work station. All measurements and loops will be analysed offline, and findings will be sent to core echocardiographic laboratory (Department of Cardiology, University Clinical Hospital Centre Zemun, Zemun, Serbia) for validity analysis. Left ventricular systolic function phenotypes will be based on left ventricular ejection fraction (LVEF) determined by biplane Simpson rule to group patients in those with HF with reduced ejection fraction (< 40%), midrange ejection fraction (40-49%), and preserved ejection fraction (≥ 50%). Relevant structural heart disease (left ventricular mass index and left atrial enlargement) and diastolic dysfunction and left ventricular diastolic function (evaluated with transmittal flow and tissue Doppler imaging) will be performed according to the ESC guidelines. 3
Other tests
Electrocardiogram Standard and high-resolution 12-lead ECG using Cardiax PC ECG (IMED Ltd., Budapest, Hungary) will be recorded after 15 min rest in supine position, and subjects will be asked to relax, breathe normally, refrain from moving and talking, but to keep awake during the procedure. ECG electrodes will be placed in standard positions, and 8, 32, and 300 s recordings will be saved for processing and analysis as described previously. 19 Ankle brachial index Blood pressure from right arm and both ankles will be measured using appropriate cuffs, and ankle brachial index will be calculated for each extremity. The automated oscillometric device will be used (MESI ABP MD, MESI, Ljubljana, Slovenia) according to the manufacturer's instructions. This device is based on simultaneous plethysmographic measurements and uses one conical cuff placed on the right or left arm and two conical cuffs placed on each of the ankles. Simultaneous cuff inflation and deflation at the same pressure level is performed, and heart beat is detected based on plethysmographic signal oscillations. The respective blood pressures and ankle brachial index are then calculated using specific proprietary algorithms. The ankle cuffs measure oscillometric signals over the whole ankle, and hence, the highest systolic blood pressure of all arteries within the ankle is detected. 20
Pulmonary function test Forced vital capacity and forced expiratory volume in 1 s (FEV1) will be measured (Micro Lab, Micro Medical Ltd, Rochester, England). Up to three tests will be performed or until two measurements of FEV1 are within 150 mL. The forced vital capacity and FEV1 from the best measurement will be used, and FEV1/FEV ratio will be calculated.
Body composition measurement Body composition will be assessed using bioimpendance measurement with Bodystat 1500 (Bodystat Ltd, Douglas, Isle of Man, British Isles, UK) in supine position after 10 min rest, without shoes and stockings. Electrodes are connected to the hands (wrist and middle finger) and feet (ankle and above the knuckle of the toe), after the areas are cleaned with alcohol. Using height, weight, and sex, body composition (body fat, lean body mass, and total body water) will be calculated from impedance at different voltage. 21
Physical performance tests
We will perform 6 min walk test, short physical performance battery, and handgrip test. The 6 min walk test will be performed on a flat surface. We will measure the distance walked in 6 min and Borg dyspnoea score (from 0 to 10), heart rate, and blood oxygen saturation at test start and end. Short physical performance battery tests consist of balance test, gait speed, and multiple chair standing that is rated using the standard scale. Handgrip force will be measured in both hands, using the JAMAR® Hydraulic Hand Dynamometer (Patterson Medical Ltd, Nottinghamshire, UK), and the best of three measurements will be used as already performed in HF patients. 22 
Questionnaires
Participants will complete questionnaires regarding healthrelated quality of life (12-Item Short Form Survey and EuroQol-5 Dimension), depression (Patient Health Questionnaire 9 Item), nutrition (Mini Nutritional Assessment), and general well-being (Satisfaction With Life Scale). 21, [23] [24] [25] [26] 
Diagnosis adjudication
An international expert panel composed of members unrelated to study procedures will have access to study information but will be blinded to patient identity. The ESC guidelines criteria will be used for HF diagnosis adjudication. 3
Data storage and statistical analysis plan
All participants' data will be saved anonymously using study IDs in an appropriately secured server. Primary endpoint will be HF diagnosis. The prevalence of HF will thereafter be calculated in the study respondents; next to population prevalence, age-specific and sex-specific prevalence will be calculated. With representative sample of 60% of total population aged 55 years or more, no specific sample size calculation for primary endpoint has been performed. In overall population and in each age and sex subgroup, we will calculate the prevalence of three HF phenotypes: HF with reduced ejection fraction, HF with mid-range ejection fraction, and HF with preserved ejection fraction. These groups will be compared per patient clinical, echocardiographic, and other characteristics. Furthermore, we will extrapolate the study population prevalence to all inhabitants of Murska Sobota. Finally, the burden of co-morbidities and their impact on health-related quality of life will be assessed as well as diagnostic accuracy of different signs, symptoms, tests, and procedures for the diagnosis of HF with receiver operating characteristic curves, and C-statistics and area under the curve will be calculated. Sensitivity, specificity, and negative and positive prediction values for different procedures and tests and their combinations will be calculated.
Study management
The study steering committee supervises the study execution and takes academic responsibility for the study. An independent core laboratory will validate the echocardiography investigations. An independent international expert panel will adjudicate study primary endpoint.
Discussion
Even though our understanding of HF is growing and the treatment for HF is improving, there are almost no recent reliable data regarding HF prevalence. In view of population ageing, improvements in management of acute conditions and changed strategy to diagnose HF, epidemiology figures we are usually referring to 1,2 are likely outdated. The SOBOTA-HF study is to the best of our knowledge the first epidemiological study to apply the latest ESC HF guidelines in the general population. Also, it is one of very few general population epidemiological studies in the last decade. Therefore, it will provide contemporary information about HF prevalence and HF phenotypes using the latest definitions and current state-of-the art clinical approach.
In the general population, HF may remain undiagnosed in about half of HF patients and in some hospitalization, or even death is the first presentation. [27] [28] [29] Because typical signs and symptoms have low specificity for diagnosing HF, 30 natriuretic peptides have established their role as reliable diagnostic test to rule out HF or to refer patients for echocardiography. 3 Over time, the cut-off value had some dynamics, and in this study, we apply low value to minimize false negative cases. Nonetheless, it needs to be emphasized that natriuretic peptides are highly dependent on sex, age, and renal function; thus, it might be applicable to personalize the cutoff value to decrease the proportion of false positives and reduce referral for echocardiography. 31 In conjunction to that, it needs to be acknowledged that point-of-care testing may be used for decision making during the diagnostic work-up in daily practice, which is not limited only to primary care. 32, 33 The SOBOTA-HF study database will have capacity, on top of available reports, to analyse these issues and give suggestions for early diagnostic management in suspected HF of nonacute onset.
Our understanding of left ventricular function phenotypes has been revised with the latest HF guidelines. 3,34 A new patient group according to LVEF has been established, the HF with mid-regional ejection fraction (40-49%) that is now interposed between those with reduced ejection fraction and those with preserved ejection fraction. The current literature lacks the validated prevalence figures in general population, but we may extrapolate figures from studies in hospitalized and specific populations that would give an estimated range SOBOTA-HF rationale and design between 10 and 15%. SOBOTA-HF study will, with comprehensive transthoracic echocardiography and external independent core echocardiography laboratory centre, be able to investigate the prevalence of three HF phenotypes per LVEF. For the purposes of the primary endpoint, we will apply the ESC guidelines criteria; nonetheless, we will also adopt other criteria for diagnosis of diastolic dysfunction, 35, 36 which will allow the comparison of different approaches, also in conjunction with different natriuretic peptide cut-offs to suggest the optimal practice to be adopted in daily routine. [37] [38] [39] [40] [41] [42] Such a detailed analysis of echocardiography data in subjects without HF (with both negative and positive NT-proBNP screening) and in those with HF of different phenotypes may increase our knowledge about cardiac ageing, which is particularly relevant for diastolic function. 38 Today, the natriuretic peptide cut-off that guides further diagnostic evaluation in non-acute onset HF is the same over entire span of LVEF. 3 Herein, we need to acknowledge that underlying mechanisms of ventricular dysfunction are different as well as patient general characteristics and co-morbidity profile. Previously, different (and generally higher) natriuretic peptide cut-offs increased referrals for imaging. SOBOTA-HF study will give the capacity to investigate whether there are differences between various patient phenotypes and different natriuretic peptide levels that should indicate the need for echocardiography. [43] [44] [45] [46] The SOBOTA-HF study will enable investigations of body composition, nutritional status, and physical performance in patients with HF as compared with healthy individuals. HF is frequently associated with body wasting and reduced exercise capacity 22 ; herein, the characteristics of various HF phenotypes per LVEF are under-investigated as well as the relations to healthy individuals of the same age; thus, our findings will be complimentary to the existing recent evidence. [47] [48] [49] [50] 
Strengths and limitations
With almost two-thirds of sample attending (corresponds to about 39% of the Murska Sobota inhabitants aged 55 years or more), the screening visit, and with age and sex distribution as described, the results will be representative for the studied population. Also, we will be able to extrapolate the findings to whole population. Of particular note are external echocardiography laboratory and an independent expert panel; both give reassurance about HF diagnosis validity.
A comprehensive data from the screening and diagnostic visits as well as stored blood and urine samples obtained during the SOBOTA-HF study will be important for understanding the many presentations and phenotypes of patients with HF. Diagnosing the previously undiagnosed HF patients will allow us to evaluate the diagnostic procedure and the management of HF patients and in the future, with an additional follow-up visits, expanding the cross-sectional into observational cohort study. 
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